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Toroidal Ripple and Error Field of JT-60
Toroidal Field Coils

Satoshi NISHIO, Minoru OHKUBO, Kozou KAWASAKI, Toshiro ANDO
and Nobuharu MIKI”
Divisfon of Large Tokamak Deve]opment, Tokai Research Establishment,
JAERT
(Received August 9, 1978)

Toroidal field (TF) coils of JT-60 produce the torcidal field of 45

kG at a plasma axis and have an inner bore of about 4 m and a weight

of about 80 metric ton respectively. Eighteen TF coils are located around

a torus axis at regular intervals. The discrete nature of the TF coils

leads to a ripple in the magnetic field which should be held below a

critical value allowable for the high temperature plasma of JT-60. Another
ripple effect is to induce an electromagnetic force to the poloidal field
coils, especially, those located at the outside of a torus. In addition,
since the toroidal field reaches several tesla in the plasma region, a very
small deviation in the coil geometry and position from the regular may induce
error fields which have important effects on the plasma. These error fields
not only may hinder normal development of a discharge at its initial stage
but also may cause a formation of magnetic islands. Therefore it s required
in the design of TF coil tc obtain quantitative information of the ripple and
the error fields. '

In this paper, the distributions of the ripple and the error field are
calculated in detail and the above mentioned effects are discussed. As a
result of the calculation, the ripple is found to be about 0.3 % at the
outside plasma surface and an maximum electromagnetic force induced by the
ripple field on the poloidal field coils is about 5.3 metric ton/m. In
regard to the diffusion of the plasma particles, the ripple effect is
comparable to that of the neoclassical for JT-60 plasma parameters. On the
other hand, the effect of the error fields expected in an actual machine
on the initial stage of discharge development can be over come by vertical
field coils and horizontal field coils. Furthermore a statistical approach
in evaluating the error fields is described.

Keywords: JT-60 Tokamak, Toroidal Field Coil, Plasma, Poloidal Field Coil,
Diffusion, Magnetic Island, Normal Distribution, Probability, Ripple Field,
Error Field
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Table 1 Plasma Parameters of JT—60

Parameter "Unit Value
Plasma major radius,K R m 303
Plasma minor radius, a m 095
Magnetic field on axis kG 45
Plasma current MA 27
Safety factor at surface 35
Mean electron density, n cm—3 (2~10) x 108
Mean ion temperature kev 5~10
Mean electron temperature kev 5~10
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Table 2. Weight coefficients of each coil for ABy
AR R-Av AZ oy 40y Aa
A .00 0.00 0.18 100
gl 1.00 0.00 1.00 0.00 -0.32 1.00
Al 0.34 1.00 1.00 0.41
23 0.28 1.00 -0.11 1.00 1.00 0.13
ok | 0.3 ~1.00 -0.82 0.41
B 0.66 ~1.00 -0.11 ~1.00 -0.64 0.13
A | -0.16 0.82 0.64 -0.10
33 0.82 0.40 -0.44 0.29 0.50 -0.16
AL -0.16 -0.83 -0.62 -0.10
3*g 0.66 -0.40 -0.44 -0.29 -0.50 -0,16
A | -0.19 0.46 0.27 -0.20
4 p 0.16 0.15 -0.28 0.12 0.30 -0.13
A | ~0.19 -0.46 -0.32 -0.20
b*g 0.16 -0.15 -0.28 -0.12 -0.32 -0.13
A | -0.15 0.25 0.10 -0.17
58 | -0.09 0.08  -0.14 0.08 0.18  -0.11
A | -0.15 -0.25 -0.15 -0.17
5% | -0.09 ~0.08 -0.14 -0.08 -0.23 -0.11
A | -0.12 0.14 0.04 -0.14
68| -0.18 0.04  -0.07 0.06 0.09  -0.07
A | -0.12 -0.14 -0.08 -0.14
6*g | -0.18 ~0.,04 -0.07 -0.06 -0.14 -0.07
;A | -0.09 0.07 0.02° -0.10
- "B | -0.16 0.02 -0.03 0.04 0.05 -0.06
A -0.09 -0.07 -0.04 ~0.10
*g | _0.16 -0.02 -0.03 -0.04 -0.09 -0.06
A} -0.08 0.03 0.01 -0.09
8B | -0.16 0.01 -0.01 0.02 0.02 -0.06
A | -0.08 -0.03 -0.03 -0.09
8*g | -p.16 -0.01 -0.01 -0.02 -0.05 -0.06
A | -0.06 0.01 0.00 -0.08
98 | -0.16 0.00 0.00 0.01 0.00 -0.05
A | -0.06 -0.01L -0.02 -0.08
9% | -0.16 0.00 0.00 -0.01 0.00 -0.05
A | -0.06 0.00 -0.01 -0.07
10g | -0.16 0.00 0.00 0.00 0.00 -0.05
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Table 3. Weight coefficients of each coil for ABy
AR R*AY AZ rOg 207, Aa
A .00 -0.67 1.00 0.00
lg .00 1.00 0.00 0.58 1.00 .00
A .00 1.00 \ 0.52 1.00
Zy .00 0.09 1.00 .00 0.72  -0.36
" .00 1.00 0.57 ~1.,00
B .00 0.09  -1.00 .00 0.72 0.56
A .73 0.65 0.09 0.76
3B .87 -0.29 0.73 .31 0.33 0.89
-, .73 0.67 0.16 -0.76
B .87 ~0,29 -0.73 .31 0.33 ~0.89
A A 0.00 ~0.55 0.47
4 p Lbh -0.16 0.18 .04 0.00 1.00
A A 0.00 | . 0.00  -0.47
b*p YA -0.16 -0.18 .04 0.00 -1.00
A .25 0.33 .08 0.29
58 | 0.23 ~0.08 0.09 -0.08 .13 0.78
gud | -0.25 0.33 -0.05  -0.
B ! -0.23 -0.08  -0.09 -0.08 -0.13  -0.
Al 0.17 0.33 -0.08 0.
6B | 0.17 -0.02  -0.10 -0.04 -0.16 0.
A =017 0.33 -0.07 -0.
6%g | _0.17 -0.02 0.10 -0.04 -0.16 -0.
A 0.14 0.00 -0.07 0.
73 0.07 -0.01 ~0.05 0.00 -0.15 0.
Sy | -0.14 0.00 -0.07 -0.
B | -0.07 -0.01 0.05 - 0.00 ~0.15 0.
g A | 0.0 0.00 -0.07 0.
B | 0.05 0.00 0.00 0.00 -0.15 0.
A | -0.05 0.00 -0.07 -0.
8*g | -0.05 0.00 0.00 0.00 -0.15 -0.
g A | 0.03 0.00 _ -0.07 0.
B | 0.02 0.00 0.00 0.00 -0.15 0.
gt | —0.03 0.00 ~0.07 -0.
B | -0.02 0.00 0.00 0.00 -0.15 -0.
A | 0.00 0.00 -0.07 0.
10y 0.00 0.00 0.00 0.00 -0.15 0.
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Table 4. Weight coefficients of each coil for ABgZ
AR R- AV AZ AGg AO7 Aa
A 0.00 1.00
1g 0.00 1.00 0.00 1.00 1.00 0.00
Al 1.00 0.61
2y 1.00 0.00 1.00 0.31 -0.50 1.00
A -1.00 0.61
2% | -1.00 0.00 ~1.,00 0.31 -0.25 -1.00
A 0.84 -0.81
38 ] -0.33 -0.22 0.46 0.02 -0.75 0.16
A -0.84 0.18
3%p 0.33 -0.22 -0.46 0.02 -0.50 -0.16
A 0.51 0.00
b5 | -0.67 -0.12 0.21 -0.02 -0.50 -0.08
A -0.51 0.00
b4xp 0.67 -0.12 -0.21 -0.02 -0.50 0.08
A 0.26 -0.04
58 | -0.57 -0.06 0.08 -0.04 -0.13 -0.11
A -0.26 -0.04
5*%g 0.57 -0.06 -0.08 -0.04 -0.05 0.11
A 0.14 -0.05
65 | -0.14 -0.03 0.05 ~0.04 0.00  -0.05
6*A -0.14 -0.05
B 0.40 -0.03 -0.05 -0.04 0.00 0.05
A 0.08 -0.05
78 | -0.33 -0.01 0.02 -0.03 0.00 0.00
A -0.08 -0.05
7*p 0.33 -0.01 -0.02 -0.03 0.00 0.00
A 0.04 -0.04
8B | -0.10 0.00 0.00 -0.03 0.00 0.00
gud ~-0.04 -0.04
B 0.10 0.00 0.00 -0.03 0.00 0.00
A 0.01 ~0.04
9 8 0.00 0.00 0.00 -0.03 0.00 0.00
gsd -0.01 -0.04
B 0.00 0.00 0.00 -0.03 0.00 0.00
1ot 0.00 -0.04
B 0.00 0.00 0.00 -0.03 0.00 0.00
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